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MULTIPLE SUBSTRATE TRANSFER ROBOT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of co-pending
U.S. patent application Ser. No. 11/682,296, filed, Mar. 5,

2007, and entitled, “MICROBATCH DEPOSITION CHAM-
BER WITH RADIANT HEATING”, which 1s herein incor-
porated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention generally relate to
semiconductor processing apparatus. In particular, embodi-
ments of the invention relate to a multi-substrate transier
robot and semiconductor processing system for high through-
put processing of semiconductor wafers.

2. Description of the Related Art

The growth of silicon-containing epitaxial films has
become increasingly important due to new applications for
advanced semiconductor devices. Such films may be grown
selectively or non-selectively (blanket deposition) on the sub-
strate. By selective growth 1t 1s generally meant that an epi-
taxial film 1s grown at specific locations on a substrate having,
device feature patterns already incorporated therein. For
example, the substrate may include patterns for gate elec-
trodes, spacers, ultra-shallow junctions, or other features. To
avold damaging such device features during fabrication, i1t
may be desirable to use lower temperature processes during
epitaxial film growth.

The desire for lower process temperatures has led to the
development of the low or reduced pressure chemical vapor
deposition (LPCVD or RPCVD; herein aiter to be referred to
as LPCVD) epitaxial reactor. Deposition at lower pressures
allows lower temperatures to be used while improving film
uniformity. In one example of LPCVD epitaxial silicon depo-
sition, the reactor deposition temperature may range from
about 600 degrees Celsius to about 1100 degrees Celsius, and
the deposition pressure may range from about 10 Torr to 100
Torr. However, lower process temperatures can slow chemi-
cal reaction rates which can adversely afiect film properties.

In epitaxial films, lack of uniformity can lead to poor
device performance. Gas flow dynamics help determine the
thickness uniformity. Certain epitaxial processes may take
place at lower temperatures so that reaction kinetics control
the deposition rate. In this case, temperature more strongly
influences both thickness and resistivity uniformity. How-
ever, gas tlow will still affect thickness.

The desire for better control of gas flow dynamics and
substrate temperature has led to the development of the single
substrate LPCVD epitaxial reactor chamber which uses radi-
ant heating. Batch processing of many substrates creates
variation in temperature and gas flow across each substrate
within the batch, and from batch to batch. The use of radiant
heating 1n the single substrate reactor allows a more uniform
temperature profile across the substrate surface, and the gas
flow dynamics can be more precisely controlled for a single
substrate so that the distribution of reactant material over the
substrate 1s more uniform.

Unfortunately, a single substrate processing reactor cannot
match the throughput of a batch (over 50 substrates), mini-
batch (about 25-50 substrates), or micro-batch (less than 25
substrates) LPCVD epitaxial reactor. Additionally, the use of
radiant heating during selective epitaxial deposition can lead
to temperature variations across the substrate surface since
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the emissivity of a substrate 1s highly dependent on the thin
film structures and materials on the substrate surface.

Therefore, there 1s a need for a low temperature epitaxial
deposition reactor with increased throughput that can provide
improved substrate temperature uniformity and more uni-
form process gas flow across the substrate surface.

Additionally, the exchange of substrates 1s critical for
maintaining high throughput in such applications. Conven-
tionally, such exchanges are performed by substrate transier
robots that may carry a single substrate at a time. Unifortu-
nately, such single-substrate transfer limits the exchange rate
ol substrates.

Theretfore, there 1s a need for substrate transfer robots
capable of high throughput substrate exchanges.

SUMMARY OF THE INVENTION

Embodiments of multiple substrate transier robots and
substrate processing systems have been disclosed herein. In
some embodiments, a multiple substrate transfer robot 1s
provided and may include an arm capable of extending along
a horizontal direction; and a wrist coupled to the arm and
having a plurality of blades coupled thereto, each blade con-
figured to horizontally support a substrate thereupon and
vertically disposed with respect to each of the other blades.

In some embodiments, a substrate processing system 1s
provided and may include a substrate processing chamber
having a plurality of susceptors, wherein each susceptor 1s
vertically disposed and capable of holding a semiconductor
substrate; and a substrate transier robot having a plurality of
blades for transterring a plurality of substrates to and from the
processing chamber, each blade configured to horizontally
support a substrate thereupon and vertically disposed with
respect to each of the other blades. The mvention apparatus
may advantageously reduce substrate loading and exchange
between the multiple substrate transfer robot and the process-
ing chamber.

In another aspect of the invention, a method for exchanging,
substrates 1s provided. In some embodiments, a method for
exchanging substrates may include providing a processing
chamber having a plurality of vertically disposed susceptors
disposed therein; and extending an arm of a substrate transfer
robot into the processing chamber, the arm having a wrist
with a plurality of blades coupled thereto, wherein each blade
1s configured to horizontally support a substrate thereupon
and 1s vertically disposed with respect to each of the other
blades and, upon extension into the processing chamber, each
blade of the plurality of blades interfaces with a respective
one of the plurality of vertically disposed susceptors.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present invention can be understood in detail, a more
particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It 1s to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admuit to other equally effective embodiments.

FIG. 1 1s a schematic cross-sectional view of an epitaxial
deposition reactor chamber according to one embodiment of
the present invention.

FIG. 2A 1s a detail view of one embodiment of a carrier rod
shown 1n FIG. 1, according to the present mvention.
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FIG. 2B 1s an 1sometric sectional view of the embodiment
of the carrier rod shown in FIG. 2A, according to the present
invention.

FI1G. 2C 1s a detail view of another embodiment of a carrier
rod shown 1n FIG. 1, according to the present invention.

FIG. 2D 1s an 1sometric view of the embodiment of the
carrier rod shown 1n FIG. 2C, according to the present inven-
tion.

FIG. 3A 1s an 1sometric view 1llustrating one embodiment
ol a bottom susceptor according to the present mnvention.

FIG. 3B 1s an 1sometric view illustrating one embodiment
ol a top susceptor according to the present invention

FIG. 4A 1s a schematic cross-sectional view illustrating
one embodiment of a gas flow pattern for the chamber
depicted 1n FIG. 1, according to the present invention.

FIG. 4B 1s a schematic top view illustrating one embodi-
ment of a gas tlow pattern for the chamber depicted 1n FIG. 1,
according to the present invention.

FIG. 5A 1s a cross-sectional view 1llustrating one embodi-
ment of process position for the chamber depicted 1n FIG. 1,
according to the present invention.

FIG. 5B 1s a cross-sectional view illustrating one embodi-
ment of home position for the chamber depicted in FIG. 1 for
a dual bladed robot, according to the present invention.

FIG. 5C 1s a cross-sectional view 1llustrating one embodi-
ment of exchange position for the chamber depicted in FIG. 1
for a dual bladed robot, according to the present invention.

FIG. 6A 1s a cross-sectional view 1llustrating one embodi-
ment of process position for the chamber depicted 1n FIG. 1,
according to the present invention.

FIG. 6B 1s a cross-sectional view illustrating one embodi-
ment of first home position for the chamber depicted 1n FIG.
1 for a single blade robot, according to the present invention.

FIG. 6C 1s a cross-sectional view illustrating one embodi-
ment of first exchange position for the chamber depicted in
FIG. 1 for a single blade robot, according to the present
invention.

FIG. 6D is a cross-sectional view 1llustrating one embodi-
ment of second home position for the chamber depicted in
FIG. 1 for a single blade robot, according to the present
invention.

FIG. 6E 1s a cross-sectional view illustrating one embodi-
ment of second exchange position for the chamber depicted in
FIG. 1 for a single blade robot, according to the present
invention.

FIG. 7 A 1s one embodiment of a schematic cross-sectional
view ol a susceptor lift assembly during substrate loading or
unloading, according to the present invention.

FIG. 7B 1s one embodiment of a schematic top view of the
susceptor lift assembly shown 1 FIG. 7 A, with the bottom
susceptor removed from view, during substrate loading or
unloading, according to the present invention.

FIG. 8 1s a schematic side view of a multi-substrate transier
robot 1n accordance with some embodiments of the present
invention.

FI1G. 9 1s schematic top view of a cluster tool 1n accordance
with some embodiments of the present invention.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical ele-
ments that are common to the figures. It 1s to be noted, how-
ever, that the appended drawings illustrate only typical
embodiments of this mvention and are therefore not to be
considered limiting of 1ts scope, for the mvention may admat

to other equally effective embodiments.

DETAILED DESCRIPTION

The present invention generally provides an apparatus and
method for an epitaxial deposition chamber that has the capa-
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4

bility of processing more than one substrate at a time while
retaining the many favorable aspects of single substrate pro-
cessing. Embodiments of the invention described herein are
adapted to maximize uniformity of gas flow and temperature
across the surfaces of the substrates and, hence, provide uni-
formity and repeatability of process results.

FIG. 1 1s a schematic cross-sectional view of an epitaxial
deposition reactor chamber 150 according to one embodi-
ment of the present mvention. The reactor chamber 1350
includes a processing chamber 158 with an enclosed process-
ing volume 175 and high-intensity upper lamps 121A and
lower lamps 121B for radiant heating. In the present embodi-
ment, the processing chamber 1s a cold wall, LPCVD cham-
ber.

The processing chamber 158 includes an upper dome 100,
alower dome 119, and abase ring 105. The base ring 105 may
be made of stainless steel, and the upper and lower domes
100, 119 may be made of a transparent material, such as
high-purity quartz, to allow light to pass through for radiant
heating of the substrate 120. Also, quartz exhibits a relatively
high structural strength, and 1s chemically 1nert to the process
environment of the deposition chamber. An upper liner 108
and a lower liner 106 are mounted against the inner sidewall
of the base ring 103 to 1solate the stainless steel of the base
ring 105 from the processing volume 175 of the processing
chamber 158 and prevent process contamination. The upper
and lower liners 108, 106 may be made of opaque quart to
protect the stainless steel of the base ring 105 from heat and
process gases. The opaque quartz scatters light and mhibits
the transfer of radiant heat from the radiant source to the
stainless steel of the base ring 105.

An upper clamp ring 101 1s used to clamp the upper dome
100 to the base ring 103, and a lower clamp ring 103 1s used
to clamp the lower dome 119 to the base ring 105. The upper
and lower clamp rings 101, 103 may be made of stainless
steel. Direct contact between the quartz and metal base ring
and clamp rings 1s prevented using o-rings (not shown) and
polymer barrier rings (not shown).

Inside the processing chamber 158 1s disposed a susceptor
lift assembly 176 which includes a tlat, circular top susceptor
117, a flat, circular bottom susceptor 118, and carrier rods
210. Two substrates 120 may be disposed between the top and
bottom susceptors 117 and 118. The top and bottom suscep-
tors 117,118 and substrates 120 are supported by three carrier
rods 210 which are disposed at about 120 degrees apart (as
can be seen 1n FI1G. 7B which 1s a top view of the susceptor It
assembly 176 which includes carrier rods 210). In one
embodiment of the present invention, the susceptor lift
assembly 176 may include three or more carrier rods. In other
embodiments, the carrier rods may be suitably modified to
support one or more additional susceptors (not shown)
between the top and bottom susceptors 117,118, and may also
be adapted to support one or more substrates, with the sub-
strates 120 located between susceptors, which may include a
top and a bottom susceptor 117 and 118. In yet another
embodiment, the carrier rods may be adapted to support a
single substrate 120 between top and bottom susceptors 117,
118.

The susceptor lift assembly 176 also includes three arms
156 and a susceptor support shait 107 with each arm con-
nected to the support shaft. A carrier rod 210 1s mounted to
cach of the arms, and the susceptor support shaft 107 extends
perpendicularly downward from the center of the bottom
susceptor 118. The susceptor support shaft 107 1s connected
to a motor (not shown) which can rotate the shait and suscep-
tor lift assembly 176. The susceptor lift assembly 176 1s also
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capable of moving up or down as shown by arrows 157 to
position the substrates for processing or to facilitate substrate
loading and unloading.

Referring to FIG. 1, processing chamber 158 also includes
two annular preheat rings 116 which are concentric to the top
and bottom susceptors 117 and 118. The outer periphery of
one preheat ring 116 1s connected to the nside periphery of
the upper liner 108, and the outer periphery of a second
preheat ring 116 1s connected to the 1nside periphery of the
lower liner 106. FIG. 1 shows the susceptor lift assembly 176
in the process position, and in this position a top preheat ring
116 1s coplanar with a top susceptor 117, and a bottom preheat
ring 116 1s coplanar with a bottom susceptor 118. This align-
ment divides the chamber processing volume 175 1nto three
parts: an upper volume 153 above the top susceptor 117; a
lower volume 154 below the bottom susceptor 118; and a
middle volume 155 between the top and bottom susceptors
117 and 118. The middle volume 155 functions as a process-
ing volume during substrate processing. In one embodiment
of the present mvention, two preheat rings 116 which are
identical 1n design are used for both top and bottom preheat
ring positions. In other embodiments, the processing chamber
158 may be adapted to include multiple preheat rings 116,
cach of which may vary in design, and each preheat ring 116
may be aligned with a corresponding susceptor.

The processing chamber 158 15 adapted to provide a means
of mtroducing process gas to the chamber so that the gas 1s
uniformly distributed over the surface of the substrates. In the
present example, the process gas 1s defined as the gas or gas
mixture which acts to remove, treat, or deposit a film on a
substrate, such as a silicon wafer, that 1s placed 1n processing
chamber 158. The process gas may include a carrier gas such
as hydrogen (H.,) or nitrogen (N, ) or some other inert gas. For
epitaxial silicon deposition, precursor gases such as silane
(S1H,) or dichlorosilane (SiH,Cl,) may be included 1n the
process gas. Dopant source gases such as diborane (B,H,) or
phosphine (PH;) may also be included. In the case of cleaning,
or etching, hydrogen chloride (HC1) may be included in the
process gas. Additional embodiments of process gas compo-
nents for the present invention are described 1n United States
Patent Application Number 20060115934.

A plurality of high intensity upper lamps 121A and lower
lamps 121 B are radially positioned above and below the
processing chamber 158. In one embodiment, tungsten-halo-
gen lamps are used, each lamp with a rating of about 2 kW.
These lamps emit strongly 1n the inirared. The lamps direct
their light through the upper and lower domes 100 and 119
onto the top and bottom susceptors 117 and 118 and preheat
rings 116 to heat the top and bottom susceptors 117 and 118
and preheat rings 116. The substrates 120, which are between
the top and bottom susceptors 117 and 118, are indirectly
heated by infrared (IR) radiation which 1s emitted by the top
and bottom susceptors 117, 118 due to their temperature. The
susceptors may have a high emissivity and efficiently re-
radiate the radiant energy received. In addition, the unifor-
mity of the susceptor material and surface provides a fairly
constant emissivity value over the surface of the susceptor
which improves temperature uniformity of the susceptor dur-
ing radiant heating. The close proximity of the top and bottom
susceptors 117, 118 to the substrates, and larger diameters of
the susceptors compared to substrate diameters, also create a
volume between the susceptors which may approximate a
black body cavity radiator since IR radiation emitted by the
substrates 120 may be captured by the top and bottom sus-
ceptors 117, 118 and re-radiated onto the substrates 120. The
advantage of this configuration 1s that the dependence of
radiant heating on the emissivity of the substrates may be

5

10

15

20

25

30

35

40

45

50

55

60

65

6

significantly reduced. Such reduced dependence on substrate
emissivity for radiant heating may be desirable for epitaxial
deposition, especially in the case of selective deposition 1n
which the substrate emissivity changes across the substrate
surface and with each new deposition layer. In one embodi-
ment of the present invention, the distance between susceptor
and closest substrate 1s 1n the range of about 5 mm to about 15
mm. Although this embodiment uses infrared lamps for sub-
strate heating, other types of lamps may be used. In other
embodiments, other heating methods such as radio frequency
inductive or resistive heating may be used.

Referring to FIG. 1, a temperature sensor 123, such as a
pyrometer, 1s mounted below the lower dome 119 and faces
the bottom surface of the bottom susceptor 118. The tempera-
ture sensor 123 1s used to monitor the temperature of the of the
bottom susceptor 118 by recerving infrared radiation emitted
by the susceptor when 1t 1s heated. This temperature informa-
tion can then be used to adjust the power delivered to the
lower lamps 121 B as required. A second temperature sensor
122, such as a pyrometer, 1s mounted above the upper dome
100 and faces the top surface of the top susceptor 117. The
temperature sensor 122 1s used to monitor the temperature of
the top susceptor 117 by receiving inirared radiation emitted
by the susceptor when 1t 1s heated. This temperature informa-
tion can then be used to adjust the power delivered to the
upper lamps 121 A as required. In this example, the susceptor
temperatures are used to indirectly measure the substrate
temperatures. However, as mentioned previously, the unifor-
mity of the susceptor material and surface provides a fairly
constant emissivity value over the surface of the susceptor,
and this helps create temperature uniformity across the sus-
ceptor surface. As a result, the temperature measurement of
the susceptors using IR temperature sensors such as pyrom-
cters becomes more accurate. In one embodiment, tempera-
ture sensors 122, 123 may be infrared, non-contact tempera-
ture sensors, such as pyrometers. In other embodiments, other
types ol temperature sensors may be used. In yet another
embodiment, more than one temperature sensor may be dis-
posed above the top susceptor 117, and below the bottom
susceptor 118.

In the present embodiment, the reactor chamber 150 shown
in FIG. 1 1s also a “cold wall” reactor. The base ring 105, and
upper and lower liners 108 and 106 are at significantly lower
temperature than the preheat rings 116, top and bottom sus-
ceptors 117 and 118, and the substrates 120 during process-
ing. For example, when epitaxial deposition occurs, the sus-
ceptors and substrates may be heated to a temperature of
about 800 degrees Celsius to about 900 degrees Celsius,
while the base ring and upper and lower liners are at a tem-
perature of about 400° C. to 600° C. The basering 105 1s water
cooled, and the upper dome tlange 152, lower dome flange
151, and upper and lower liners 108 and 106 are constructed
of opaque quartz to inhibit transmission of IR radiation to the
metal base ring 105. In addition, the upper and lower liners
108 and 106 do not recerve direct radiation from the upper and
lower lamps 121A, 121B due to retlectors 166.

FIG. 2A 1s a detail view of one embodiment of a carrier rod
shown 1 FIG. 1, according to the present mvention. The
carrier rod 210 includes a rod with a first end and a second
end, with a boss 213 at the first end, and a base 215 at the
second end. The base 215, which may be circular in shape, has
a projecting pin 216 which may be received by an arm 156 of
a susceptor support shaft 107. The pin 216 allows the carrier
rod 210 to be connected to the arm 156. The carrier rod 210
includes two support fingers 212 between first and second
ends, with each end having a flat substrate support surtace 217
which can support a substrate 120. The substrate sUP7/rt
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surface 217 may be flame polished to prevent particulate
generation. A vertical surtace 214 near the substrate support
surface 217 forms a pocket for the substrate 120. A boss 213
or other projection at the first end of the carnier rod 210 may
be recerved by arecess or slot 218 1n the top susceptor 117. In
one embodiment, the carrier rod 210 may be made of quartz.
In other embodiments, other materials may be used for the
carrier rod. Additionally, 1n other embodiments of the mven-
tion, the carrier rod 210 may have three or more fingers and
may be adapted to support three or more susceptors (1includ-
ing top and bottom susceptors 117,118) and three or more
substrates. In yet another embodiment, the carrier rod 210
may have a single finger to support a single substrate 120
between top and bottom susceptors 117,118.

FI1G. 2B 1s an 1sometric sectional view of the carrier rod 210
shown 1n FIG. 2A. In this view, the relative locations and
shapes of the carrier rod 210, preheat rings 116, and top and
bottom susceptors 117, 118 are shown. In the present embodi-
ment, the base 215 of the carrier rod 210 1s cylindrical, but
may have other shapes 1n other embodiments.

FI1G. 2C 1s a detail view of another embodiment of a carrier
rod shown 1n FIG. 1, according to the present invention. In
this embodiment, the carrier rod 210 may be replaced with a
carrier rod assembly 240. In one embodiment of the present
invention, the carrier rod assembly 240 includes a carrier rod
241, a top washer 200, and a bottom washer 201. The carrier
rod 241 includes a rod with a first end and a second end, with
a boss 213 at the first end, and a base 242 at the second end.
The base 242, which may be circular in shape, has a project-
ing pin 216 which may be recerved by an arm 156 of a
susceptor support shait 107. The pin 216 allows the carrier
rod 241 to be connected to the arm 156. The carrier rod 241
includes two support fingers 243 between first and second
ends, with each finger having a tapered end, and each tapered
end having a flat substrate support surface 217 which can
support a substrate 120. The substrate support surface 217
may be tlame polished to prevent particulate generation. An
inclined surface 244 near the substrate support surface 217
torms a pocket for the substrate 120, and the inclined surface
244 may be angled at about 60 degrees with respect to a
horizontal surface that 1s coplanar with substrate support
surface 217. In other embodiments, different angles may be
used for the inclined surface 244. A boss 213 or other projec-
tion at the first end of the carrier rod 241 may be received by
a recess or slot 218 1n the top susceptor 117. The top washer
200 1s placed over the boss 213, and the top 12 susceptor rests
on the top washer 200. A bottom washer 201 rests on the base
242 of the carrier rod 241 and supports the bottom susceptor
118. In one embodiment, the carrier rod 241 may be made of
quartz, and the top and bottom washers 200, 201 may be made
of silicon carbide (S1C). In other embodiments, other mate-
rials may be used for the carrier rod and washers. Addition-
ally, in other embodiments of the invention, the carrier rod
241 may have three or more fingers and may be adapted to
support three or more susceptors (including top and bottom
susceptors 117,118) and three or more substrates. In vyet
another embodiment, the carrier rod 241 may have a single
finger to support a single substrate 120 between top and
bottom susceptors 117,118.

FI1G. 20 1s an 1sometric view ol the carrier rod assembly 240
shown 1n FIG. 2C. In the present embodiment, the top washer
200 15 a closed annular ring, and the bottom washer 201 has a
rectangular outer perimeter and an open-ended slot. In other
embodiments, the top and bottom washers 200, 201 may have
other shapes. In the present embodiment, the base 242 of the
carrier rod 241 1s cylindrical, but may have other shapes 1n
other embodiments.
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FIG. 3A depicts one embodiment of the bottom susceptor
118 according to the present invention. The bottom susceptor
118 1s a disk with three open-ended slots 301 located at about
120 degrees apart. FI1G. 3B depicts one embodiment of the top
susceptor 117 according to the present invention The top
susceptor 117 1s a disk with three blind slots 351 located about
1200 apart. In one embodiment, blind slot 351 may be the
same as slot 218. In other embodiments, the slots of both
susceptors may be closed or thru, and may have other shapes.
In the present embodiment, both top and bottom susceptors
117, 118 may be made of graphite and coated with silicon
carbide (S1C). In another embodiment, the susceptors may be
made of high purity, sintered S1C. In yet other embodiments,
different materials (e.g., ceramics) may be used for the sus-
ceptors. In one embodiment of the present invention, the
diameters of the top and bottom susceptors 117,118 may be
larger than the substrate 120 diameter.

FIG. 4A 1s a schematic cross-sectional view illustrating
one embodiment of a gas flow pattern for the chamber
depicted 1n FIG. 1, according to the present invention. A gas
inlet manifold 110 1s connected to one side of the base ring
105 and 1s adapted to admit gas from a source of gas or gases
into the processing chamber 158. An exhaust manifold 102 1s
connected to the base ring 105 and positioned diagonally
opposite the gas inlet manifold 110 and 1s adapted to exhaust
gases from the processing chamber 158.

The gas inlet mamifold 110 feeds process gas 162 to the
processing chamber 158. The gas inlet manifold 110 includes
an 1njection baitle 124, and an 1nlet port liner 109 which 1s
inserted into the base ring 103. The inlet port liner 109 may be
made of quartz to protect the stainless steel base ring 1035 from
corrosive process gas. The gas mlet manifold 110, injection
baitle 124, and inlet port liner 109 are positioned within inlet
passage 160 formed between the upper liner 108 and lower
liner 106. The inlet passage 160 1s connected to the middle
volume 155 of the processing chamber 158. Process gas 1s
introduced into the processing chamber 158 from the gas inlet
mamfold 110, then flows through the injection batile 124,
through the inlet port liner 109, and through the inlet passage
160 and then to the middle volume 1355 which includes sub-
strates 120.

Referring to FIG. 4A, note that the middle volume 155,
which 1s formed by the preheat rings 116 and top and bottom
susceptors 117 and 118, functions as a horizontal tlow chan-
nel or conduit for the process gas 162. The process gas inlet
port 180 and outlet port 181 are disposed between the preheat
rings and top and bottom susceptors 117 and 118 when the
susceptor lift assembly 176 i1s 1n the process position, as
shown 1n FI1G. 4A. As the process gas 162 enters the process-
ing chamber 158 through process gas inlet port 180, the
preheat rings 116 and top and bottom susceptors 117, 118 act
to channel and direct the gas tlow over the substrates 120 and
to the outlet port 181. This tlow geometry helps create more
laminar and uniform gas tflow over the substrates 120. In one
embodiment of the present invention, the horizontal flow
channel 1s created using two preheat rings and two susceptors.
In other embodiments, multiple flow channels may be created
using multiple preheat rings and multiple susceptors.

The processing chamber 158 also includes an independent
purge gas ilet (not shown) for feeding a purge gas 161, such
as hydrogen (H,) or mitrogen (N, ), into the lower volume 154
of the chamber. In this example, the purge gas 1nlet 1s posi-
tioned on the base ring 105 at an angle of 90 degrees from the
gas mnlet manifold 110. In other embodiments, a purge gas
inlet can be integrated into the gas ilet manifold 110 so long
as a separate flow passage 1s provided so that the purge gas
can be controlled and directed independent of the process gas.
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In one embodiment, an inert purge gas or gases 161 are fed
into the lower volume 154 while the process gas 162 1s fed
independently into the middle volume 155. Purging the
chamber with the purge gas 161 prevents deposition from
occurring on the lower dome 119 or on the bottom susceptor
118.

As mentioned, the processing chamber 158 also includes
an exhaust manifold 102 which allows removal of process and
purge gases from the chamber. The exhaust manifold 102 1s
connected to the base ring 1035 over an exhaust passage 163
which extends from the middle volume 155 to the outer wall
ol the base ring 105. An exhaust port liner 104 1s imserted into
the base ring 105. The exhaust port liner 104 may be made of
quartz to protect the stainless steel base ring 105 from corro-
stve process gas. A vacuum source, such as a pump (not
shown) for Creatlng low or reduced pressure 1n the processing,
chamber 158 1s coupled to the exhaust passage 163 by an
outlet pipe (not shown) which connects to the exhaust mani-
fold 102. The process gas 162 1s exhausted through the
exhaust passage 163 and into the exhaust manifold 102.

A vent passage 165 extends from the chamber lower vol-
ume 154 to the exhaust passage 163. Purge gas 161 1s
exhausted from the lower volume 154 through the vent pas-
sage 1635, through the exhaust passage 163, and 1nto an outlet
pipe (not shown). The vent passage 165 allows for direct
exhausting of the purge gas from the lower volume 154 to the
exhaust passage 163.

For uniform epitaxial film deposition, the reactor chamber
150 may provide a means for distributing process gas uni-
formly across the substrate surfaces and a means for uni-
formly heating the substrate surfaces so that the deposition
reactions will occur uniformly across the substrate surfaces.

The radiant heating of the preheat rings 116 and top and
bottom susceptors 117 and 118 also provides preheating of
the process gas before 1t reaches the substrates. Referring to
FIG. 4A, the process gas 162 enters the processing chamber
158 through process gas inlet port 180, and then passes over
the bottom preheat ring 116, and then passes over the bottom
susceptor 118 before reaching the substrates 120. Since the
substrate diameters are smaller than the diameters of the
susceptors, the process gas 1s heated by the susceptors betfore
reaching the substrates. This helps improve the temperature
uniformity of the process gas across the substrate surfaces.

FIG. 4B 1s a schematic top view illustrating one embodi-
ment of a dual zone gas tflow pattern for the processing cham-
ber 158 depicted in FIG. 1. To clanty the discussion, all
processmg chamber 158 components have been removed
from view except the gas inlet manifold 110, injection batile
124, 1nlet port liners 109, lower liner 106, and substrate 120.
The substrate 120 represents the top substrate, but the same
discussion applies to the bottom substrate. Two inlet port
liners 109 are disposed between the lower liner inlet port 408
and 1njection baitle 124 which includes multiple thru holes
170. Each inlet port liner 109 includes baittles 412 which
create multiple gas inlet ports 171 which lead to the process
gas inlet port 180 shown in FIG. 4A. A gas inlet manifold 110
includes two outer plenums 406 and an inner plenum 404. The
two outer plenums 406 are connected by a passage 405.
Separate gas lines (not shown) are connected to the gas inlet
manifold 110 so that process gas 162 (arrows) can be directed
to the mnner and outer plenums 404 and 406 and the gas flow
rates can be independently controlled for each plenum. The
inner and outer plenums 404, 406 create two tlow zones, a
central or imnner tlow zone 402 and two outer flow zones 401.
The two mlet port liners 109 further divide the inner flow zone
402 nto two mner flow fields. The gas tlow rates may be
reduced for the outer tlow zones 401 since a smaller portion of
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substrate surface area 1s exposed to the process gas 162. For
example, the total gas flow rate for the inner tlow zone 402
may be twice as large as the total flow rate for the outer zones
401. The reduction in flow rate for the outer flow zones 401
helps prevent more reactant material from being deposited at
the smaller outer areas 173 of the substrate surface compared
to the larger imer area 172, and, therefore, improves the
unmiformity of deposition across the substrate. The dotted lines
in FIG. 48 roughly indicate where the tlow rates differ over
the substrate surface. In another embodiment of the present
invention, multiple plenums may be used to create multiple

gas flow zones which are used with multiple gas inlet ports
171.

Since the process gas 162 flows across the substrate 120
from a leading edge 416 to a trailing edge 417, there is
tendency for process gas concentration to decrease as reactant
material flows across the substrate surface and 1s deposited
from leading edge 416 to trailing edge 417. This may result in
more material being deposited at the substrate leading edge
than at the trailing edge. To avoid this result, the substrate 1s
may be rotated about an axis 414 1n a predetermined direction
415 so that the distribution of reactant material in the process
gas 1s evened out over the substrate surface and the reactant
deposition 1s more uniform across the substrate 120 surface.

Although previously cited aspects of the present invention
may help improve uniformity of deposition, another aspect
improves substrate throughput by processing two substrates
simultaneously. Multiple substrate processing requires mul-
tiple substrate loading and unloading from the processing
chamber, and this can also affect substrate throughput. Other
aspects of the mmvention include methods for loading and
unloading multiple substrates from the processing chamber.

In some embodiments, a dual-blade robot may be provided
to facilitate substrate loading and unloading in a reactor
chamber having dual susceptors, such as, for example, the
epitaxial deposition reactor chamber 150 discussed above
with respect to FIG. 1. For example, FIGS. 5A-5C depict
schematic side views of a susceptor lift assembly 176 at
different locations for substrate unloading using a dual bladed
robot. The susceptor lift assembly 176 includes top and bot-
tom susceptors 117 and 118, carrier rods 210, and susceptor
support shaft 107 and arms 156. In FIG. 5A, the susceptor lift
assembly 176 1s 1n process position, and the top and bottom
susceptors 117 and 118 are coplanar with preheat rings 116.
When substrate processing 1s completed, the susceptor lift
assembly 176 then moves down to a home position, and two
robot blades 501 of a dual bladed robot (not shown) enter the
process chamber as shown in FIG. 5B. Once the blades have
been extended to the position shown in FIG. 5B, the lift
assembly 176 moves further down and the substrates 120 are
lifted from the support fingers 212 by the robot blades 501 so
that the substrates rest on the robot blades 501. The susceptor
l1ift assembly 176 stops at a low point of downward travel,
shown 1 5C, and this 1s called the exchange position. The
robot blades 501 then retract to remove the substrates from
the process chamber. Substrate loading 1s achieved by revers-
ing the unloading sequence. An advantage of using a dual
bladed robot 1s that two substrates can be unloaded or loaded
simultaneously from the process chamber, which helps
improve chamber throughput. In this embodiment, the robot
blades maintain a fixed vertical position relative to the pro-
cessing chamber, and all load and unload positions are
enabled by the motion of the susceptor lift assembly 176. In
other embodiments, the robot may have vertical motion capa-
bility (z-capability) so that the blades can move 1n the vertical
direction to facilitate substrate loading and unloading. In one
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embodiment, the susceptors remain at or near substrate pro-
cessing temperatures during loading and unloading to shorten
process cycle time.

FIG. 8 depicts a schematic side view of a multi-substrate
transfer robot 800 in accordance with some embodiments of
the present mvention that 1s suitable for use in connection
with a reactor chamber having vertically disposed multiple-
substrate susceptors, such as the epitaxial deposition reactor
chamber 150 discussed above with respect to FIG. 1. The
multi-substrate transier robot 800 includes a wrist 802 having,
a plurality of blades 804 vertically disposed thereon. Fach
blade 804 1s capable of holding, delivering, or recetving a
semiconductor substrate from a process chamber. The plural-
ity of blades 804 are configured to pass through an opening 1n
the process chamber (such as a slit valve opening or the like).
As shown 1n FIG. 8, two substrates 120 , and 120, may be
provided for use with a dual-substrate susceptor, such as that
discussed above with respect to the epitaxial deposition reac-
tor chamber 150 of FIG. 1. In some embodiments, such as
illustrated 1n FIG. 8, the plurality of blades 804 may be two
blades, such as an top blade 805 and a bottom blade 806. The
blades 805, 806 are suiliciently vertically displaced with
respect to each other to allow the lower substrate 120 to be
placed upon or removed from the bottom blade 806 without
interference with the top blade 8035 (or any substrate 120 ,
disposed thereon).

The wrist 802 may support each blade 804 1n a fixed posi-
tion relative to each other such that control over the movement
of the wrist 802 may facilitate control over the position of
cach of the plurality of blades 804. The wrist 802 may be
coupled to an arm 914 (shown in FIG. 9) capable of moving
the wrist 802 (and the plurality of blades 804) 1n a horizontal
direction, such as to extend horizontally through an opening
8101n a process chamber to deliver or receive substrates to the
process chamber. In some embodiments, the wrist 802 may be
capable of at least one of horizontal or vertical rotational
motion with respect to the arm, such as, for example, by being,
coupled to the arm via a hinge, a pin, a pivotable joint, a
flexure, or the like. In some embodiments, the arm may be
coupled to an assembly 916 (shown 1n FIG. 9) for providing
vertical and/or rotational movement of the arm about a central
axis. Such vertical and/or rotational movement of the arm
facilitates moving the wrist 802 (and the plurality of blades
804) vertically and/or rotationally as needed to deliver or
receive substrates as desired.

The components of the multi-substrate transfer robot (e.g.,
the arm, the wrist, the blades, or the like) may be fabricated
from any process suitable materials. For example, in some
embodiments, materials may be selected to minimize detlec-
tion of the robot blades during the substrate transfer. In some
embodiments, materials may be selected to minimize con-
tamination of the substrate by the robot blades during the
substrate transfer. In some embodiments where transters are
being made to or from a chamber at a high temperature,
materials may be selected to minimize thermal effects during,
the substrate transier. Examples of suitable maternials include,
but are not limited to, ceramics, metals, quartz, glass ceramics
(such as Neoceram N-0 and Neoceram N-11, among others),
aluminum/silicon carbide composites, aluminum/iron coms-
posites, carbon, carbon matrix composites, cast aluminum
alloy, commercially pure chromium, graphite, molybdenum,
titanium alloy, molybdenum tungsten alloy, commercially
pure molybdenum, Zerodur®, Invar®, titanium Ti1-6Al-4V
alloy, 8090 aluminum MMC, and metal matrix composites.
Metal matrix composites generally include aluminum or
other light metal (1.e., magnesium, titanium, aluminum, mag-
nesium alloys, titanium alloys and aluminum alloys) with up
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to 30 percent fillers, such as silicon carbide and the like. In
embodiments, where the substrate transfer robot 1s transfer-
ring substrates to or from an epitaxial deposition chamber,
such as the epitaxial deposition reactor chamber 150 of FIG.
1, the blades may be made of quartz.

In operation, and referring to FIGS. 8 and 5B-C, when
substrate processing 1s completed, the susceptor lift assembly
176 moves down to a home position, the plurality of blades
804 of the multi-substrate transter robot 800 enters the pro-
cess chamber with each blade 804 disposed below each sub-
strate 120 ,_ to be retrieved. The top blade 805 may be posi-
tioned under the upper substrate 120 ,, and the bottom blade
806 may be simultaneously positioned under the bottom sub-
strate 120 .. Once the blades 805, 806 have been extended to
a position beneath the substrates 120 ,_ -, as shown in FIG. 5B,
the susceptor lift assembly 176 moves further down and each
substrate 120 1s placed onto each blade 805, 806. The suscep-
tor l1ft assembly 176 continues 1ts downward motion and then
stops at a first exchange position, similar to the exchange
position shown 1n FIG. 5C. At this point, there 1s sulificient
clearance so that the blades 805, 806 can retract and remove
cach substrate 120 ,_, stmultaneously from the process cham-
ber without touching the susceptor lift assembly 176. The
blades 805, 806 then retract to remove the substrates 120 ,_,
from the process chamber. Substrate loading may be achieved
by reversing the unloading sequence.

As discussed above, the multi-substrate transfer robot 800
may be part of a substrate processing system having at least
one process chamber with a plurality of susceptors vertically
disposed therein. Suitable chambers include, for example,
those described hereinabove, such as the epitaxial deposition
reactor chamber 150 of FIG. 1. In some embodiments, the
multi-substrate transier robot 800 may be disposed within a
cluster tool, such as, for example, one of the CENTURA® or
ENDURA® line of cluster tools available from Applied
Materials, Inc. of Santa Clara, Calif. The multi-substrate
transier robot 800 may also be utilized 1n other suitable clus-
ter tools as well.

FIG. 9 depicts a simplified schematic diagram of an exem-
plary cluster tool 900 having the multi-substrate transier
robot 800 disposed therein. The cluster tool 900 generally
includes a central transter chamber 904, a plurality of process
chambers 902, and at least one load lock chamber 912. Pro-
cess chambers 902 are generally configured to perform one or
more steps ol a production process. For example, one process
chamber 902 may be the epitaxial deposition reactor chamber
150, or any other process chamber as 1s conventionally known
in the art, and having multiple vertically disposed susceptors
to interface with the plurality of blades 804 of the multi-
substrate transier robot 800.

The cluster tool depicted 1n FIG. 9 1s 1llustrative only and
other cluster tools having other configurations may suitable
be modified to utilize the multi-substrate transter robot of the
present invention. For example, cluster tools may be provided
having central transfer chambers that have different geom-
etries, such as square or other shapes, or that support different
numbers of process chambers and/or load locks. In addition,
some cluster tools may be provided having multiple central
transier chambers coupled to each other as well as other
process chambers and load lock chambers (such as the
ENDURA® cluster tool referred to above).

Referring back to the illustrative cluster tool 900 of FI1G. 9,
the central transier chamber 904 generally includes the multi-
substrate transier robot 800 adapted to transier a plurality of
substrates in and out of the load lock chamber 912 and the
various process chambers 902 (uppermost substrate 120,
shown in phantom 1n FI1G. 9). As discussed above with respect
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to FIG. 8, the multi-substrate transter robot 800 generally has
a plurality of vertically disposed blades extending from the
wrist 802 (top blade 805 shown 1n FIG. 9). The plurality of
blades are adapted to support a plurality of substrates thereon
during transfer by the multi-substrate transfer robot 800. The
wrist 802 may be coupled to an arm 914 capable of movement
in a horizontal direction, such as to extend horizontally
through an opening 1n the process chamber 902 and/or the
load lock 912 to deliver or recerve substrates to the process
chamber 902 or the load lock 912. In some embodiments, the
arm may be coupled to an assembly 916 for providing motion
vertically and/or rotationally about a central axis and for
interfacing with one or more of the process chambers 902
and/or load lock 912. The cluster tool 900 1s merely one
embodiment of a processing system wherein the multi-sub-
strate transier robot 800 may be utilized. It 1s contemplated
that the multi-substrate transfer robot 800 may be disposed in
any suitable cluster tool, and/or multi-substrate processing
apparatus requiring the exchange and/or high throughput of
semiconductor wafers 1n a vertically stacked fashion.

Although embodiments of multi-substrate transfer robots
have been disclosed herein, the transfer of multiple substrates
may also be accomplished utilizing single substrate transier
robots. For example, FIGS. 6A-6E show schematic side
views of a susceptor lift assembly 176 at different locations
for substrate unloading using a single bladed robot. In FIG.
6 A, the susceptor lift assembly 176 1s 1n process position, and
the top and bottom susceptors 117 and 118 are coplanar with
preheat rings 116. When substrate processing 1s completed,
the susceptor lift assembly 176 moves down to a first home
position, and a robot blade 501 of a single bladed robot (not
shown) enters the process chamber as shown in FIG. 6B. In
this embodiment, the blade 1s positioned under the bottom
substrate in the first home position. Once the blade has been
extended to the position shown in FIG. 6B, the susceptor it
assembly 176 moves further down and the substrate 120 on
bottom 1s placed onto the robot blade 501. The susceptor lift
assembly 176 continues 1ts downward motion and then stops
at a first exchange position, as shown 1n 6C. At this point,
there 1s sulficient clearance so that the robot blade 501 can
retract and remove the substrate 120 on bottom from the
process chamber without touching the top substrate or sus-
ceptor lift assembly 176. The robot blade 501 then retracts to
remove the bottom substrate from the process chamber. The
susceptor lift assembly 176 moves further down to a second
home position, and the robot blade 501 enters the chamber.
FIG. 6D shows the blade location relative to the top substrate.
The susceptor lift assembly 176 then moves down again, and
the substrate 120 on top 1s placed onto the robot blade 501.
The susceptor lift assembly 176 continues its downward
motion and then stops at a second exchange position, as
shown 1n 6E. The robot blade 501 then retracts to remove the
substrate 120 from the process chamber. As 1n the case of dual
blade unloading, substrate loading may be achieved by
reversing the unloading sequence. In this embodiment, the
single robot blade maintains a fixed vertical position relative
to the processing chamber, and all load and unload positions
are enabled by the motion of the susceptor lift assembly 176.
In other embodiments, the robot may have z-capability so that
the blades can move 1n the vertical direction to facilitate
substrate loading and unloading. Additionally, other embodi-
ments may include loading and unloading of three or more
substrates, and the first home position may not be restricted to
the bottom substrate.

FI1G. 7B 1s a schematic top view of a susceptor lift assembly
176 shown in FIG. 7 A, with the bottom susceptor 118
removed from view, during substrate loading or unloading.
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The substrate 120 1s above the robot blade 501, and the blade
has an opening 703 at one end so that the blade will not
interfere with the support fingers 212 of the carrier rods 210.
The robot blade 501 has a front raised portion 702 and rear
raised portion 701 that form a pocket for the substrate.

While the foregoing 1s directed to certain embodiments of
the present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

The mvention claimed 1s:

1. A substrate processing system, comprising:

a substrate processing chamber having a susceptor lift
assembly having three or more carrier rods disposed 1n
the chamber, the carrier rods configured to support a top
susceptor, a bottom susceptor, and a plurality of semi-
conductor walers between the top susceptor and the
bottom susceptor; and

a substrate transier robot having a plurality of blades con-
sisting of two blades for transferring a plurality of sub-
strates to and from the processing chamber, each blade
configured to horizontally support a semiconductor
waler on the blade and vertically aligned with respect to
the other blade such that the plurality of blades have
central vertical axes that are substantially coincident,
wherein the substrate transfer robot has a range of
motion sufficient to move the plurality of blades mto the
substrate processing chamber and above the plurality of
substrate supports.

2. The substrate processing system of claim 1, the substrate

transier robot further comprising;

an arm capable of extending along a horizontal direction;

an assembly having the arm coupled to the assembly, the
assembly capable of vertical linear movement and hori-
zontal rotational movement; and

a wrist coupled to the arm and having a plurality of blades
coupled to the wrist, wherein each blade 1s configured to
support a semiconductor water horizontally on the blade
and 1s vertically aligned with respect to each of the other
blades.

3. The substrate processing system of claim 2, wherein the

two blades comprise:

a top blade capable of interfacing with a top semiconductor
waler disposed within the substrate processing chamber
and capable of exchanging a first semiconductor wafer
therewith; and

a bottom blade capable of interfacing with a bottom semi-
conductor water disposed within the substrate process-
ing chamber and capable of simultaneously exchanging
a second semiconductor waler therewith.

4. The substrate processing system of claim 1, further

comprising;

a cluster tool comprising a central transfer chamber having
the substrate processing chamber coupled to the central
transfer chamber, wherein the substrate transfer robot 1s
disposed within the central transfer chamber.

5. The substrate processing system of claim 1, wherein the
plurality of blades are capable of simultaneously transferring
a plurality of semiconductor waters to or from the susceptor
l1ft assembly.

6. A method for exchanging semiconductor walfers, com-
prising:

providing a processing chamber having a susceptor lift
assembly having three or more carrier rods disposed 1n
the chamber, the carrier rods configured to support a top
susceptor, a bottom susceptor, and a plurality of semi-
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conductor walers between the top susceptor and the 8. The method of claim 6, wherein the plurality of blades
bottom susceptor disposed 1n the process chamber; and further comprises an top blade for interfacing with a top
extending an arm of a substrate transter robot into the semiconductor wafer disposed on the susceptor lift assembly
processing chamber, the arm having a wrist with a plu- and exchanging a semiconductor wafer therewith and a bot-
rality of blades consisting of two blades coupled to the 5 tom blade for interfacing with a bottom semiconductor wafer
wrist, wherein each blade 1s configured to horizontally and exchanging a semiconductor wafer therewith.

support a semiconductor water on the blade and 1s ver-
tically aligned with respect to the other blade such that
the plurality of blades have central vertical axes that are
substantially coincident and, upon extension into the
processing chamber, each blade of the plurality of blades
interfaces with a respective one of the plurality of semi-
conductor waters.

7. The method of claim 6, further comprising:

vertically raising or lowering the arm of the substrate trans-
fer robot to transier the semiconductor water between
the plurality of blades and at least one of a load lock or
the susceptor lift assembly. I I

9. The method of claim 6, wherein a plurality of semicon-
ductor wafers are transierred from the plurality of blades to
the susceptor lift assembly simultaneously.

10. The method of claim 6, wherein a plurality of semicon-
ductor waters are transterred from the susceptor lift assembly
to the plurality of blades simultaneously.

11. The substrate processing system of claim 1, wherein the
plurality of blades are the only substrate support surfaces of
15 the substrate transfer robot.
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